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Abstract: In this experimental study, effects of bovine amniotic fluid and hyaluronic acid were compared on an osteoarthritic model
induced in rabbit stifle joints. The study was performed on 21 rabbits undergoing anterior cruciate ligament transaction for establishing
osteoarthritis. Four weeks later, the rabbits were divided into 3 equal groups of 7 animals each. The first group of rabbits received
intraarticular injection of 0.5 mL of bovine amniotic fluid (BAF) three times at 1-week intervals. The second group of rabbits received
intraarticular injection of 0.5 mL of hyaluronic acid (HA) three times at 1-week intervals. The third group of rabbits served as a control
with no application. Articular surfaces of the femur and tibia were evaluated using the Mankin scoring system for histopathological
cartilage examination and were evaluated for immunohistochemical examination by using caspase-3, caspase-8, and MMP-13. All
statistical results showed that there were highly significant differences between the control group and the other groups. On the other
hand, there was no significant difference between the BAF and HA groups (P < 0.01). It was concluded that the use of BAF, which is an
inert fluid rich in growth factors, had protective effects against degenerative cartilage changes in an experimental rabbit model and can
be an alternative agent in cartilage protective therapy.
Key words: Experimental osteoarthritis, hyaluronic acid, bovine amniotic fluid, caspase-3, caspase-8, MMP-13

1. Introduction
Osteoarthritis (OA) is a degenerative joint disease
that affects the synovial joints and is characterized
by degradation and loss of articular cartilage with
subchondral bone remodeling, osteophyte formation, and
inflammation of the synovium. Clinical signs include joint
pain, stiffness, swelling, and loss of mobility, increasing in
severity as the disease progresses (1,2).
To date, no definitive treatment method has been found
for OA. Studies are underway to reduce progressive cartilage
damage, which is the basic pathology of the disease.
The cartilage healing effects of hyaluronic acid (HA)
and its effects on slowing the progression of OA are known
and it is widely used today in the treatment of OA (3–6).
In addition, human amniotic fluid has been used as an
alternative to HA in the prevention of cartilage damage
in OA and in cartilage healing in a few studies (7–9). The
bovine amniotic fluid (BAF) that we use in this study
contains insulin-like growth factors that have a stimulating
effect on mesenchymal cells and chondrocytes and other
growth factors in addition to macromolecules such as
* Correspondence: mtanrisever@firat.edu.tr

HA and HA-activating agent (10–13). It also contains
metalloproteinase inhibitors that can prevent cartilage
destruction (14).
While the mechanism is not yet clarified, there is
a positive correlation between cartilage damage and
apoptosis (15,16). Similar studies supporting the same
view have demonstrated that caspases (cysteinyl aspartatespecific proteinases) such as caspase-3 and caspase-8
are increased in OA patients (17). With the effect of
proteolytic enzymes that cause collagen disintegration,
OA causes matrix loss in the joint cartilage. MMP-13 is
an important matrix metalloproteinase in OA and is
expressed significantly in cartilage tissue due to type II
collagen disintegration (18,19).
The aim of this report was investigate the efficacy of
BAF, which is much easier to access and more economical,
on cartilage tissue in OA based on the histopathological
and immunohistochemical (caspase-3 and caspase-8
expression in chondrocytes and MMP-13 expression in
cartilage matrix) investigation of its effects as compared
with the widely used HA.
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2. Materials and methods
This study was conducted with the approval (number 46
dated 04.04.2013) of the Fırat University Rectorate Animal
Experiments Ethics Board Presidency. The experimental
animals were obtained from the Fırat University
Experimental Research Center (FUERC). The study was
conducted at the FUERC and the Fırat University Animal
Hospital Small Animal Clinic operating rooms.
Twenty-one male and female New Zealand rabbits of
5 months old with an average weight of 2700–3000 g were
used in the study.
In the literature there are 3 different types of
experimental animal studies OA models:
1. Genetically manipulated spontaneous or naturally
occurring models,
2. Mechanical models,
3. Chemical models.
Today the most widely used approach creates
mechanical instability OA models that are similar to
the chronic traumatic model (20). The most commonly
preferred mechanical surgical applications in animal
OA models are partial meniscectomy (21), complete
meniscectomy (22), anterior cruciate ligament transection
(20), anterior cruciate ligament transection with partial
meniscectomy (23), anterior and posterior cruciate
ligaments transection, varus-valgus osteotomy, and
extraarticular surgery procedures such as muscle resection
(20). In this study, the method of cutting the anterior
cruciate ligaments was employed in order to create
experimental OA in the rabbits.
The rabbits were anesthetized with 5 mg/kg xylazine
hydrochloride (Rompun, 23.32 mg/mL, Bayer, İstanbul,

Turkey) and 35 mg/kg ketamine hydrochloride (Ketalar,
50 mg/mL, Eczacıbaşı, İstanbul, Turkey) intramuscularly.
After anesthesia, the right knees of the rabbits were shaved
and they were laid down in the supine position. Before the
incision, the knees were sterilized with 10% povidone iodine
(Batticon, Adeka, Samsun, Turkey). Then, approaching with a
lateroanterior longitudinal incision, the patella was deviated
to the medial following lateral parapatellar arthrotomy and the
anterior cruciate ligament was cut. After whether the cruciate
ligament had been completely cut was evaluated using the
anterior drawer test, the patellar tendon and skin of the test
subjects were closed with separate sutures using polyglactin
2/0 suture material (Vicryl, Johnson & Johnson Medical,
Brussels, Belgium) (Figure 1). Antibiotics (İecilline, 400,000
IU, İ.E. Ulagay, İstanbul, Turkey) were given intramuscularly
at a vial per day for 5 days.
The experimental animals were allowed normal cage
activity after the operation. Four weeks after the surgical
intervention, the rabbits were randomly divided into 3
equal groups. The first group of rabbits (n = 7) was given
0.5 mL of intraarticular BAF injections 3 times with 1-week
intervals. The second group of rabbits (n = 7) was given 0.5
mL of intraarticular HA applications 3 times with 1-week
intervals. The third group of rabbits (n = 7) was used as a
control group (CONT) and nothing was applied to them.
The BAF was taken postmortem using injectors from
a healthy cow approximately 5–6 months pregnant under
aseptic conditions from a slaughterhouse. It was brought
to the laboratory without breaking the cold chain using an
ice box and kept at –20 °C in deep freeze. It was allowed to
dissolve by waiting for 15 min at room temperature before
use.

Figure 1. Images of the operation site related to the cutting of the anterior cruciate ligament.
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Sodium hyaluronate in a ready-to-use glass injector
(Ostenil, 10 mg/mL, Bio-Gen, Ankara, Turkey) was used
as HA.
Twelve weeks after the last intraarticular injection was
given, all the rabbits were euthanized with ketamine (100
mg/kg, intramuscularly).
Condylus samples including the joint cartilages of
the tibia and femur bones taken from the animals that
were euthanized after the experiment were identified
in 10% formaldehyde and routinely followed after the
decalcification process; paraffin blocks were prepared and
the sections were stained using the hematoxylin-eosin and
safranin O methods. The Mankin scoring system (Table
1) was applied to the preparations in histopathological
evaluation. The tissues were immunohistochemically
examined with respect to the expression of caspase-3
and caspase-8, indicative of cell apoptosis, and the
expression of MMP-13, which is an indicator of collagen
destruction and osteoarthritis. The immunohistochemical
staining protocol was applied according to the protocol
of the commercial kit (Invitrogen Superpicture 3rd Gen
IHC Detection Kit, USA). Caspase-3, Ab.4 Rabbit Pab
(Neomarkers, ready to use), caspase-8 FLIP antibody,
Ab.4 Rabbit Pab (Biorbyt, 1/100-1/200 dilution), and

MMP-13, Ab.1 Mouse Mab (Neomarkers, ready to use)
antibodies were used as primary antibodies and DAB
(diaminobenzidine) was used as a chromogen.
Statistical analysis of the results was done using SPSS
22. After assessing whether there was a difference between
the groups using the Kruskal–Wallis analysis method,
the Mankin scores and caspase-3, caspase-8, and MMP13 expressions were evaluated between the groups as a
percentage using the Mann–Whitney U test in order to
determine from which group the difference stemmed and
whether it was a significant difference or not.
3. Results
Mild lameness was observed in rabbits following the
operations for 3–5 days. While in the control group rabbits
were observed with symptoms of lameness in the right
limbs depending on the progress of osteoarthritis on days
90–120, there were no similar symptoms in rabbits in the
BAF and HA groups.
3.1. Macroscopic findings
3.1.1. BAF group
When the femoral condyles of the BAF group were
examined macroscopically, superficial irregularities
were seen in 3 cases, pannus formation with surface

Table 1. Mankin scoring system (25).
Category

Structure

Chondrocyte cell count

Safranin O staining

Tidemark integrity
Total

Subsection

Grade

Normal

0

Surface irregularity

1

Pannus and surface irregularity

2

Clefts to transitional zone

3

Clefts to radial zone

4

Clefts to calcified zone

5

Complete disorganization

6

Normal

0

Diffuse hypercellularity

1

Clusters

2

Hypocellularity

3

Normal

0

Slight reduction

1

Modest reduction

2

Severe reduction

3

No dye noted

4

Intact

0

Crossed by blood vessels

1
14
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irregularities in 2 cases, and clefts to the transitional zone
in 1 case, while the joint surface in 1 case was normal.
When the tibial articular surfaces were analyzed, pannus
formation with surface irregularity was observed in 1 case,
and surface irregularities were observed in 6 cases (Figure
2).
3.1.2. HA group
When the femoral condyles of the HA group were
considered, superficial irregularities were seen in 4 cases
and pannus formations with superficial irregularities were
observed in 3 cases. When the same group’s tibial articular
surfaces were examined, pannus formation in addition to
surface irregularity was observed in 1 case, and surface
irregularities were observed in 6 cases (Figure 3).

3.1.3. CONT group
When the femoral condyles of the CONT group were
examined, clefts to the transitional zone were seen in
3 cases, clefts to the radial zone in 3 cases, clefts to the
calcified zone in 1 case, and complete disorganization in
1 case. When the same group’s tibial articular surfaces
were considered, pannus formation in addition to
surface irregularity was observed in 2 cases, clefts to the
transitional zone in 4 cases, and clefts to the calcified zone
in 1 case (Figure 4).
3.2. Microscopic findings
The femoral and tibial joint surfaces of the right knees of
the rabbits were microscopically examined with regard
to the degree to which the damage that occurred affected

Figure 2. Macroscopic view of the knee joint of the BAF group.

Figure 3. Macroscopic view of the knee joint of the HA group.
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Figure 4. Macroscopic view of the knee joint of the CONT group (general
disorganization).

the cartilage layers, the state of the chondrocytes, and
the degrees of staining of the matrix with safranin O and
tidemark integrity (Tables 2 and 3; Figure 5).
3.2.1. Histopathologic findings on the femoral articular
surface
When the chondrocyte cells of the BAF group were
examined, there was diffuse hypercellularity in 3 cases
and cell clusters in 3 cases, and 1 case was normal. When
evaluated in terms of staining of the extracellular matrix
with safranin O, there were slight reductions in 2 cases,
modest reductions in 4 cases, and severe reduction in 1
case. In 2 cases of this group it was seen that tidemark
integrity was broken down by vessels.

When the chondrocyte cells of the HA group were
examined, there was diffuse hypercellularity in 2 cases,
cell clusters in 2 cases, and hypocellularity in 2 cases and
1 case was normal. When evaluated in terms of staining of
the extracellular matrix with safranin O, there were slight
reductions in 3 cases, modest reductions in 3 cases, and
severe reduction in 1 case. In this group there was one case
of tidemark integrity broken down by vessels.
When the chondrocyte cells of the CONT group
were examined, there were cell clusters in 1 case and
hypocellularity in 6 cases. When evaluated in terms of
staining of the extracellular matrix with safranin O, there
was modest reduction in 1 case, severe reduction in 3

Table 2. Total Mankin scores for each subject’s femoral joint cartilage.
Rabbits

BAF

HA

CONT

1

3

7

14

2

5

5

14

3

5

3

11

4

7

5

12

5

4

8

11

6

9

2

11

7

1

5

9

Total

34

35

82

Average

4.85

5.00

11.71
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Figure 5. The hematoxylin and eosin (H.E) and safranin O staining of the joint cartilages of the subjects and immunohistochemical
caspase-3, caspase-8, and MMP-13 expressions.
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Table 3. Total Mankin scores for each subject’s tibial joint cartilage.
Rabbits

BAF

HA

CONT

1

5

7

13

2

6

4

10

3

3

6

9

4

6

7

8

5

6

6

9

6

7

3

9

7

2

3

9

Total

35

36

67

Average

5.00

5.14

9.57

cases, and no dye noted in 3 cases. Tidemark integrity was
broken in all of the individuals in this group.

When the chondrocyte cells of the CONT group
were examined, there were cell clusters in 4 cases and
hypocellularity in 3 cases. When evaluated in terms of
staining of the extracellular matrix with safranin O, there
were severe reductions in 6 cases and no dye noted in 1 case.
Tidemark integrity was broken in all of the individuals in
this group.
The statistical data of the study were separately
evaluated and calculated for Mankin scores (Table 4) and
immunohistochemical results (Table 5).

3.2.2. Histopathologic findings on the tibial articular
surface
When chondrocyte cells of the BAF group were examined,
there was diffuse hypercellularity in 1 case and cell clusters
in 5 cases, and 1 case was normal. When evaluated in terms
of staining of the extracellular matrix with safranin O,
there were slight reductions in 2 cases, modest reductions
in 3 cases, and severe reductions in 2 cases. In this group
there were 2 cases of tidemark integrity broken down by
vessels.
When the chondrocyte cells of the HA group were
examined, there was diffuse hypercellularity in 3 cases,
cell clusters in 3 cases, and hypocellularity in 1 case. When
evaluated in terms of staining of the extracellular matrix
with safranin O, there were slight reductions in 3 cases,
modest reductions in 3 cases, and severe reduction in 1
case. In this group there were 4 cases of tidemark integrity
broken down by vessels.

4. Discussion
Tunay et al. (24) showed in their studies that after the
cutting of the anterior cruciate ligament (Pond–Nuki
model) in rabbits, the intraarticular application of HA
prevented inflammation and disintegration that formed in
the cartilage tissue.
Baki (9) applied 0.1 mL of intraarticular HA 3 times
at 1-week intervals to one group and the other group was
injected with 0.1 mL of human amniotic fluid 3 times at
1-week intervals after medial meniscectomy in rats for

Table 4. Statistical evaluation of the Mankin scores of the femoral and tibial articular cartilages.
Bone

BAF

HA

Femur

4.8571 ± 0.9863
(1–9)

Tibia

5.0000 ± 0.6900a
(2–7)

a

5.0000 ± 0.7868
(2–8)

CONT
a

11.7143 ± 0.6801b
(9–14)

5.1429 ± 0.6700a
(3–7)

11.7143 ± 0.6801b
(8–13)

: Values in the same row with different letters are statistically different from each other.

a,b
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Table 5. Statistical evaluation of the immunohistochemical results of the groups.
Staining percentage

BAF

HA

Femur caspase-3

32.8571 ± 4.73804

35.7143 ± 4.28571

68.5714 ± 3.40068

0.01

Tibia caspase-3

34.2857 ± 3.68856

34.2857 ± 3.68856

b

58.5714 ± 2.60820

0.02

Femur caspase-8

31.4286 ± 2.60820a

31.4286 ± 2.60820a

71.4286 ± 2.60820b

0.01

Tibia caspase-8

31.4286 ± 1.42857a

35.7143 ± 2.97381a

70.0000 ± 3.08607b

0.01

Femur MMP-13

28.5714 ± 3.40068

28.5714 ± 3.40068

68.5714 ± 2.60820

0.01

Tibia MMP-13

25.7143 ± 2.02031

30.0000 ± 2.18218

64.2857 ± 2.97381

0.01

a
a

a
a

CONT
a
a

a
a

P-value
b

b
b

: Values in the same row with different letters are statistically different from each other.

a,b

OA. He concluded that there was no statistically significant
difference between the protective effects of HA and human
amniotic fluid based on the Mankin scores at the end of
the sixth week.
Tirelioğlu et al. (8) used 0.5 mL of intraarticular human
amniotic fluid 3 times at 1-week intervals in the OA model
that they formed after 4 weeks by cutting the anterior
cruciate ligament in rabbits. They demonstrated that the
damage in the medial femoral and medial tibial plateau
cartilages 12 weeks after the last injection was significantly
lower compared to the control group that did not receive
any injections.
There are no studies in the literature using BAF in the
treatment of OA. In this study, according to the Mankin
scoring that was used for macroscopic and microscopic
evaluation, no significant difference was found between
the group treated with HA and the group treated with BAF.
When both groups were compared with the control group,
the Mankin scores turned out to be significantly low (P <
0.01).
Xia et al. (17) evaluated Mankin scores and
immunohistochemical results of the caspase-3, caspase-8,
and MMP-13 expressions with the results of millimetric
wavelength irradiation at different treatment periods in
rabbits with experimental OA that was created by cutting
the anterior cruciate ligament. They demonstrated that the
caspase-3, caspase-8, and MMP-13 staining percentages
were significantly higher in the model’s control group
whose cruciate ligament was cut to form OA.
In this study, caspase-3, caspase-8, and MMP13 staining percentages were determined in order to

immunohistochemically demonstrate apoptosis, which is
an indicator of OA. While no significant difference was
found between the BAF and HA groups, a significant
degree of difference was found between these groups and
the control group with advanced OA. This significant
difference clearly showed that BAF is an agent that can be
used in the treatment of OA in rabbits.
In conclusion, it has been confirmed that intraarticular
HA, which is widely being used in the treatment of OA
in both human and veterinary practice, has shown
its efficacy with this study. In histopathological and
immunohistochemical examinations it has been
determined that there is no significant difference between
intraarticular injections of HA and BAF and that BAF does
not cause any allergic reaction in the knee joints of rabbits.
With these results, it has been concluded that BAF, which
is the main target of this study, can be an alternative to
cartilage-protecting drugs in the treatment of OA.
That being said, the therapeutic effect of BAF, which
is easily obtained and more cost-efficient, can be put into
practice. The investigation of its effects on other animal
species and humans in the treatment of OA and the
development of new treatment protocols are among the
important future topics of study.
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